Abstract: Notwithstanding the green areas are important for preserving and promoting the health of population, they are often exposed to noise pollution, especially in urban areas. However, the perceived quality of a green area does not depend only by its sonic environment, as all the human senses contribute to form the individual appraisal together with other features of the area. Thus, an holistic approach is required like that offered by the soundscape approach. The present paper proposes the scheme of a new index, QUIETE, to quantify the quality of a public park, taking into account its perceived overall quality and the relative sound level determined by the difference between the noise descriptor L A (i.e. L Aeq , L A50 , . . .) and a reference level L ref . By the QUIETE index it is easy to identify the areas requiring noise mitigation actions, and provide understandable information to the users of the park on the areas for their enjoyable fruition. The formulation of the QUIETE index is rather flexible and the reference level L ref has to be fixed considering the objective to accomplish. To evaluate the feasibility and potential of QUIETE, it has been applied to the data collected in 8 urban parks in Milan and Rome with different location (from downtown to suburban area) and size. The L ref value has been set at the noise limit issued by current Italian legislation for green areas (L Aeq = 50 dBA for day-time). A "tentative" rating scale for QUIETE is also proposed and its values are reported by a colored scale on the map of the park to summarize the data and to provide information easy to be understood by non-experts.
Introduction
Notwithstanding the continuous development of technology offering even more efficient solutions for noise control and the stringent noise limits issued by legislation, noise pollution is still widespread over space and time. According to the report by the European Environment Agency [1] , in Europe 125 million people are affected by road traffic noise L den greater than 55 dBA, almost 20 million adults are annoyed and a further 8 million suffer sleep disturbance due to environmental noise.
Nowadays this pollution affects not only urban areas, but has impact also on rural and quiet areas, with the negative effect of deteriorating their acoustic quality and reducing their potential function of health promotion. Indeed, green areas allow to interrupt, at least temporarily, the noise exposure of people during their daily urban life and offer the opportunity to recover from the harmful effects due to such exposure [2] .
The important role on the community health and quality of life played by public parks and other quiet areas in an agglomeration or in open country is recognized also by the European Directive 2002/49/EC on the assessment and management of environmental noise [3] , requiring the protection of these peculiar areas. Due to the lack in the Directive of criteria to identify quiet areas or, broadly, good environmental noise quality, several studies and surveys have been carried out so far towards filling this gap, as reported in the "Good practice guide on quiet areas" [4] , which makes recommendations based on examples of good practice in assessing and managing quiet areas in Europe.
A study on the meaning of quiet areas in urban context [5] has shown that for people mostly living in town the presence of natural sources, such as water or birds, is the most important characteristic of quiet areas. Others are interested in escape from the daily life or focus on their psychological rest. There is wide evidence that natural sounds are in general appreciated in a park, whereas mechanical sounds are not acceptable and human sounds are acceptable to some degree [6] . It has also been shown [5] that people associate tranquil area to social interactions, while the viewpoint of others is more oriented towards natural sounds or absolute quietness.
As stated in the report on the review of over 80 studies undertaken to collate evidence on the nature and significance of the benefits that people derive from quiet and relatively quiet areas [7] , "quiet (or absence of unnecessary or inappropriate sounds) has a number of important and often co-related potential benefits to human well-being, including improved creativity, problem solving, mental health, concentration and undisturbed sleep. In addition to the direct economic benefits that human well-being confers (in terms of, for example, savings on health costs and increased worker productivity), access to "quiet areas" also offers other services of economic and social value including impacts on property values (people generally prefer to live in "quiet" neighbourhoods) and benefits to the wider community, including children and the elderly".
Within the above issue, public urban parks are of great importance because population can easily get there but, unfortunately, they are often surrounded, especially in dense built-up areas, by noisy roads which can deteriorate the sonic environment inside the park.
On the other hand, the perceived quality of the park does not depend only by its sonic environment, as all the human senses, not only the hearing, contribute to form the individual appraisal together with other features of the park, such as cleanliness, security, air quality [8] . For instance, vision and hearing are not independent, but rather interact and reinforce each other in complex ways [9] [10] [11] .
Usually visual aesthetic quality of landscape, particularly the beauty and growth of vegetation, has been one of the primary objectives in park design [12] . Recently, the soundscape approach, introduced by R.M. Schafer [13] , proved to be a useful tool to define quality of visitors' experiences in parks and can help in improving the pleasantness of such environment.
Indeed, being the soundscape focused on the perception of the sonic environment, it can give more insights on how the people perceive the acoustic features of the park and how this perception is influenced by the other human senses, primarily the sight, and park's features in a more holistic approach.
The present paper offers the formulation of a new index QUIETE (QUality Index of grEen resTorative arEas, acronym corresponding to the Italian word whose meaning is quietness in English), aimed at rating the quality of a public park considering the perceived overall quality of the park itself and the relative sound level determined by the difference between the selected noise descriptor L A and its reference level L ref , the latter chosen according to the objective to accomplish. To evaluate the feasibility and potential of the proposed index QUIETE, it has been applied to the data collected in 5 parks in Milan [14] and 3 parks in Rome [15] with different location (from downtown to suburban area) and size.
The results are rather interesting and the application of the QUIETE index using its rating scale points out the critical areas requiring mitigation actions and those providing a better environmental quality.
Acoustic and multi-criteria assessment of perceived quality of green areas
The sonic environment of urban parks is rather complex, being the result of a mixture of many different types of sounds occurring simultaneously or separately in time.
Some of the sounds may be pleasant or unpleasant, and some may have positive or adverse effects on people wellbeing or health [16] . Thus, the quantitative description cannot be based on the equivalent continuous level L Aeq only, even though this parameter is often used in the legislation, and additional information are required to describe temporal and spectral characteristics of the sonic environment.
In their study on indicators for quality assessment of the quiet rural soundscape, De Coensel et al. [17] have shown that the percentile level L A50 is a measure for the basic requirement that the background or ambient sound should have a low level; namely a value L A50 around 38 dBA was found to be suitable to predict the categorization in quiet and non-quiet areas by a noise expert [18] . In addition, L A50 was found to be orthogonal to the centre of gravity G of the 1/3 octave band spectrum between 80 and 8000 Hz [19] , the latter resulted a good measure for the degree of pollution of the soundscape with traffic noise. The number of noise events emerging from the background level and the corresponding types of sound sources (usually classified into natural, technological and human source) also influence the perceived soundscape quality. The number of vehicles heard at close distance was found to be correlated with the number of sound events exceeding either L A50 by 3 dBA or L A95 by 10 dBA. The above results have been recently proposed in terms of criteria and limit values for assessing the quality of quiet areas [20, 21] .
Tranquillity (the quality or state of being tranquil; calmness; serenity, a disposition free from stress or emo-tion and a state of peace and quiet) is often linked to engagement with the natural environment. A multicriteria assessment approach combining acoustical indicators with visual/natural indicators has been used to develop a Tranquillity Rating Prediction Tool (TRAPT) to be applied for planning purposes [22] . Based on laboratory studies, the noise level and the percentage of natural and contextual features in the visual scene resulted to be statistically significant factors influencing perceived tranquillity of a place.
In a recent study [23] , indicators are proposed to characterize the intrinsic environmental properties and external value of urban parks. The intrinsic properties involve both acoustic factors and non-acoustic factors, such as visual aspects and size. To assess external value, the restoration level is introduced, which measures the nearby presence of a quiet, 'green' area at residential areas outside parks. The restoration levels of green areas are based on intrinsic properties and the distances of each dwelling to urban park areas.
The new index QUIETE for rating the environmental quality of green areas
In their paper Jabben et al. [23] have proposed the restoration level at dwelling outside a park to measure the potential for restoration offered by the nearby park to the built up surroundings. Thus, the restoration level is formulated in order to increase with good intrinsic soundscape and nature of the park and to decrease with distance from the surroundings. Instead of considering the surroundings outside the park, the proposed scheme of the QUIETE index described in this paper is focused to rate the environmental quality of the areas inside the park. Thus, it is complementary to the restoration level and can be used to stimulate and guide the fruition of the park, as well as to identify its criticalities and to test the efficiency of the corresponding mitigation actions.
The basic assumption is that the above issue can be handled through a dose-response relationship, the former factor dealing with the exposure to the acoustic and nonacoustic features of the park and the latter associated with the proposed index. Thus, a logistic (sigmoid) function (having an "S" shape) has been considered in the formulation of the index [24] , as it enables to easily implement the effect of different modifying factors other than the noise exposure. Indeed, this type of function is often used when dealing with noise annoyance [25, 26] . Thus, the proposed environmental quality index for green areas QUIETE is calculated by the following general formulation:
where a, b, c and d are constants the values of which are defined by the user, OQ is the quality factor on a scale from 0 (very bad) to 100 (very good), obtained by subjective ratings of the perceived overall quality of the park, L A is the selected noise descriptor and L ref is its reference value, which depends on the objective to accomplish. When the quality factor OQ is equal to 0, equation (1) becomes:
which is the most common formulation of the logistic function.
In the present study the continuous equivalent level L Aeq was chosen for L A , as it is the descriptor used by the current Italian legislation on noise sensitive areas [27] . Of course, any other descriptors can be used In order to compare parks in terms of their QUIETE index, L ref has to be set to a fixed value for all the parks. Alternatively, to compare different areas inside a park the L ref has to be set again to a fixed value (i.e. the median value of the L Aeq levels measured in all the areas of the park), but this may be different from park to park.
For the present study the values of the constants in equation (1) have been set as follows:
Replacing these values in (1), the plot in Fig. 1 (Fig. 2) .
To 
Application of QUIETE index to some urban parks in Milan and Rome
In order to evaluate the feasibility and potential of the proposed index QUIETE, the equation (1) has been applied to the data collected in 5 parks in Milan [14] and 3 parks in Rome [15] with different location (from down- town to suburban area) and size (Tab. 1). The surveys carried out in these parks included sound level measurements and binaural recordings in the most visited sites, from which a large set of acoustical parameters have been determined, and simultaneous interviews to visitors of the parks, present in the area where the recordings were taken in order to match as close as possible the noise exposure with the subjective ratings. Table 1 reports an overview of the surveys; more details on the experimental protocol are available in [14, 15] . The location of parks has been split into suburban and central areas, as usually done in this kind of study [6] . Face-to-face interviews were carried out by means of a questionnaire, the structure of which was the same for all the surveys. Some questions were different but a core of them was the same, for instance the appraisal of the overall quality of the park and of its specific features, namely the soundscape, the vegetation, the air, the cleanliness, the security and the silence. All these ratings were given on 5 equal intervals Likert's scale from 1 (very bad) to 5 (very good). Fig. 4 reports the diverging stacked bar charts of the responses (in %) given for each feature in all parks and for their different location. The perceived overall quality was rated best for all the parks, regardless their location, followed by vegetation. Soundscape was rated more positively in the suburban parks. Taking into account the frequency of visiting the park and the average duration of the visit, it is likely that the collected subjective ratings were outcomes of consolidated experience of the park rather than of occasional one for the large majority of the respondents. Indeed, for the parks in Milan 52% of the interviewees visit the parks twice a week at least, and 90% of them for more than 1 hour; for the parks in Rome the above percentages are 53% and 77% respectively. Regarding the acoustical parameters, those selected for the present study are listed in Table 2 and were determined for the entire duration of each measurement or recording, always lasting not less than 5 minutes. 
Continuous equivalent level L Aeq
Centre of gravity G of the 1/3 octave band spectrum between 80 and 8000 Hz
The box plot in Fig. 5 reports the L Aeq , L A50 and L A95 for the duration of the measurement. The green line at 50 dBA is the L Aeq limit for the day period established by the current Italian legislation for noise sensitive areas (zone 1), including public green zones [27] . It can be seen that only in two suburban park (Trenno "T" and Caffarella "C") the limit is not exceeded, whereas in the remaining parks even the L A95 is often greater than 50 dBA.
Notwithstanding in most of the sites the acoustic levels do not comply with the legislative limits, the responses given by the interviewees on the perceived overall quality of the parks are not so unsatisfied as it would be expected on the basis of the acoustic levels only. It has to be pointed out that these levels are due to several types of sound sources [16] , usually grouped in the literature into three broad categories, namely technological, anthropogenic or natural sound sources [28] . The last two types of sources are often associated to an improvement of soundscape and overall quality of the green area [29] . In the examined 8 urban parks, natural sounds were perceived by the majority of interviewees (70%), whereas anthropogenic and technological sounds were heard by 36% and 33% of respondents, respectively. This outcome could justify the observed high percentage of positive responses despite the acoustic levels do not comply with the legislative limits. Fig. 6 reports for the suburban and downtown parks the percentage of respondents rating the overall quality of the park either good or very good (scores 4 and 5 on the Likert's scale) versus the corresponding L Aeq measured during the survey. The perceived overall quality of the parks was rated positively by the majority of respondents (> 50%) even though the L Aeq was above the 50 dBA limit.
In addition to the type of sound sources, other factors, also non-acoustics, can influence the perception of the overall quality of the park. For the examined 8 urban parks, the Pearson's correlation matrix plotted in Fig. 7 shows that security (rs = 0.51) and cleanliness (rc = 0.48) are correlated with the overall quality of the park more less as the perceived soundscape quality (r sd = 0.45), with differences among correlation coefficients not statistically significant at 95% confidence level (p = 0.33 for rs and r sd ; p = 0.41 for rs and rc; p = 0.42 for rc and r sd ). In addition, the low correlation among subjective ratings of park's features and acoustic descriptors is self-evident too. Dealing with the perceived quality of soundscape, Fig. 8 reports the percentage of respondents rating the perceived soundscape either good or very good (scores 4 or 5 on the Likert's scale, respectively). The Swedish Environmental Protection Agency [30] identifies as "quiet area" that where 80% of subjects give a positive rating on the perceived quality of soundscape (orange horizontal line in Fig. 8 ). Considering this criterion, together with the aforementioned limit of 50 dBA issued by the Italian legislation (green vertical line in Fig. 8 ) for public green areas, only 26.5% of sites in the examined suburban parks comply with both the criteria. However, according to the Swedish criterion, 44.1% and 40.7% of sites in the suburban and downtown parks, respectively, can be considered "quiet areas" even though the L Aeq level is above 50 dBA. The proposed QUIETE index was calculated for each examined site in the above parks according to equation (1) and the coefficients values in (3), considering for L ref the current noise limit set by the Italian legislation for green areas, that is daytime L Aeq = 50 dBA, and for the perceived overall quality of the park OQ taking the median value of the collected subjective ratings in each site, as this descriptor is less influenced by outliers than the mean value.
Discussion
The proposed scheme for the QUIETE index has the feature to consider, through the perceived overall quality of the park, the non-sonic characteristics of the park together with the proprieties of its acoustic environment. In addition, its formulation is rather flexible as the noise descriptor L A , the reference level L ref and the constants a, b, c and d have to be set by the user. However, this freedom of choice can be a weakness of the index in term of comparison among different contexts. A troublesome issue is the choice of the L ref level. The value of this parameter has to be constant to compare the parks one another, for instance in this paper the aforementioned noise limit issued by the current Italian legislation for green areas, that is day-time L Aeq = 50 dBA [27] has been applied. By this value the hot spots inside the parks exceeding the noise limit are pointed out leading to a twofold objective:
• identification of the areas requiring noise mitigation actions; • orienteering the users of the park to select the areas most suitable for their enjoyable fruition.
In this respect, a rating scale for QUIETE may be useful to provide an immediate and easy to understand information of the environmental quality of the site in the park. A "tentative" three interval scale is reported in Table 3 , together with the corresponding proposed values for the difference L Aeq − L ref and the perceived overall quality of the park OQ. in the interval 0 ÷ 5 dB can be considered as warning ones because, according to the current Italian legislation, the maximum allowed difference in noise limit between two adjacent acoustic zones is set at 5 dB. Regarding the perceived overall quality of the park OQ, values above 80% can be associated to good quality in order to correspond to the same value (80% of subjects giving a positive rating) on the perceived quality of soundscape SQ, as set by the Swedish Environmental Protection Agency [30] to identify a "quiet area". The three threshold values of QUIETE are calculated at L Aeq − L ref = 0 and for OQ = 50% for rating "bad" (red color) and OQ = 80% for rating "good" (green color). The QUIETE values obtained for all the sites in the 8 parks are plotted in Fig. 9 : the blue and red symbols cor-respond to suburban and downtown parks respectively. It can be seen that for about 51% of sites the QUIETE values are in the range "fair" (orange color), namely 37% and 68% for suburban and downtown parks respectively, whereas only 16% of sites, all in the suburban parks, show QUIETE values in the range "good". The calculation of the QUIETE index has been also performed considering as noise descriptor the L A50 percentile and as L ref the value of 41 dBA, the upper limit for fair quality of the quiet rural soundscape proposed in [17] . Fig. 10 reports the differences between the QUIETE values calculated for L Aeq -50 and L A50 -41 as function of the dif- Inspired by a previous work [31] , Fig. 11 reports a proposal of providing the above ratings of QUIETE on the map of the park, to summarize the data and to show them in order to be easily understood by non-experts (local administration and public) using the colored scale reported in Table 3. The map in Fig. 11 shows the park "Villa Pamphili" in Rome and the data are taken from the survey and noise measurements performed in the selected 16 sites (reported by solid upside triangle in Fig. 9 ). All the sites close to the thoroughfare dividing the park into two zones (left and right hand side) show large positive differences L Aeq − L ref .
In the map the diameter of circles is fixed and not related to the size of the area surrounding each site, but it can be proportional to that size, so adding information on the extent of the investigated zones.
In terms of design tool the QUIETE index has the drawback to require noise measurements and a survey to collect the subjective ratings at least on the perceived overall quality of the park OQ. However, looking at the plot in 
Conclusions
Several studies and research projects dealing with green areas have already addressed the need of an holistic approach, as humans perceive the environment in a complex, multi sensorial and experienced-based way. Thus, any indicators and assessment methods for an objective evaluation of the environmental quality of green areas should comprise both acoustic and non-acoustic factors. This paper offers a scheme for the formulation of a new indicator, QUIETE, which by a single value takes into account both acoustic and non-acoustic factors through the difference L A − L ref and the perceived overall quality of the environment OQ experienced in a green area. The formulation of the index is rather flexible, as it requires to set both its four constant terms, the noise descriptor L A and the corresponding reference level L ref , the value of which depend on the objective to accomplish. The proposed settings for QUIETE index have been applied to some urban Table 3 .
parks in the cities of Milan and Rome for which the L Aeq levels and the subjective ratings on OQ in sites inside the parks were available. The QUIETE index enables to discriminate among sites even better when L A − L ref is negative, likely in situations where the non-acoustic factor have a greater influence on the perceived overall quality of the park. A "tentative" rating scale for QUIETE seems to be useful for reporting the data, through a colored scale, on a map in a graphical way easy to be understood by nonexperts. The scale may also help authorities at identifying "hot spots" requiring noise mitigation actions, and at providing cues to the users of the park in selecting the areas for their more enjoyable fruition.
Notwithstanding the examined parks cover a range of suburban and downtown locations, with different layout and dimensions, the QUIETE index and the proposed its rating scale need to be further validated by more extensive survey data collected in other parks and, hopefully, countries. In this respect, the present paper would be a stimulus to still investigate the environment of green areas, especially those in dense built-up zones, in order to contribute to their preservation or improvement.
